Interobserver Agreement in Duplex Scanning for Vein Grafts  by Ihlberg, A et al.
Eur J Vasc Endovasc Surg 19, 504–508 (2000)
doi:10.1053/ejvs.1999.1068, available online at http://www.idealibrary.com on
Interobserver Agreement in Duplex Scanning for Vein Grafts
L. Ihlberg*1, A. Alba¨ck1, W.-D. Roth2, J. Edgren2 and M. Lepa¨ntalo1
1Division of Vascular Surgery, Department of Surgery and 2Department of Radiology,
Helsinki University Central Hospital, Helsinki, Finland
Background: although the precision of duplex scanning is of utmost importance in vein-graft surveillance, it has not
been properly assessed. This study aims to analyse interobserver agreement on duplex scanning.
Methods: a blinded comparative trial of 69 infrainguinal vein bypass reconstructions. Two consecutive duplex scans
were performed by different examiners and duplex ultrasound machines on the same patient. The duplex examinations
were also compared with angiography, when available, and clinical follow-up.
Results: interobserver agreement in Kappa statistics was 0.69, signifying “good” agreement between the examinations
in detecting haemodynamically significant changes in the grafts. The sensitivity, specificity and accuracy figures compared
with a combination of angiography and follow-up data for the two scans were 80%, 91%, 88% and 85%, 93%, 91%,
respectively. The limits of agreement were, however, wide for Doppler-derived velocity characteristics.
Conclusion: duplex scanning is an accurate and reproducible method for detecting haemodynamically significant changes
in infrainguinal vein grafts.
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Introduction simple ankle-pressure measurements.8–10 Furthermore,
some reports claim that treatment decisions regarding
failing grafts could be made solely on the basis ofVein-graft surveillance programmes for lower-limb by-
duplex findings, so that angiography can be totallypasses have become an established part of the activity
replaced.11,12 However, the major concern with duplexin vascular units, although convincing clinical evi-
scanning regards its subjectivity. It is generally argueddence of its merits has not yet been provided.1–6 The
that duplex scanning for vein grafts is highly operator-efficacy of surveillance depends on its ability to
dependent. On the other hand, the more special in-identify, as accurately as possible, those patients whose
dividual skills and experience that are required, thebypass is deemed to fail. This is highly dependent on
higher is the probability of increased interobserverthe method used for screening, and if this fails to
variation, thereby diminishing the value of duplex asdetect all at-risk grafts, the results of graft surveillance
a reliable screening method. This controversy leavesprogrammes will be disappointing.
us uncertain as to whether duplex scanning for infra-The optimal method for surveillance should be sens-
inguinal vein grafts can be recommended for wideitive, specific, and reproducible, not operator-de-
clinical use.pendent and economical. None of the methods
This study was undertaken to determine intero-currently available fulfils all these criteria. As early as
bserver agreement in duplex scanning for vein-graftin 1973 Szilagyi et al.7 called angiography the “gold
surveillance between two examinations, where the onestandard” for delineating morphological anomalies
was performed by an experienced operator and thein grafts, against which other methods should be
other by an operator whose experience prior to thecompared. Duplex scanning has emerged, in recent
conduction of this study was limited.years, increasingly as a primary non-invasive tool for
examining vein bypass grafts, with an ability to detect
Methodshaemodynamically compromised grafts superior to
The subjects were 67 patients with infrainguinal
autologous vein bypasses. All examinations were per-
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Helsinki, on the same outpatient visit. The first duplex for continuous data was made with the Bland and
Altman test statistics.14 To control the possibility thatscan (Duplex 1) was performed by one of two very
the variation observed was caused by a unidirectionalexperienced angioradiologists (W-DR or JE) and the
systematic error, sensitivity, specificity, and accuracysecond (Duplex 2) by one of two vascular surgeons-
for both examinations were calculated against a built-in-training (LI or AA), whose experience in vein-graft
up diagnostic standard. This standard was defined asduplex scanning was limited prior to the conduction
angiography when available. Because it was con-of the study to 10–15 scans performed per surgeon.
sidered unethical to perform angiograms on patientsTwo different duplex scanners (ATL Ultramark 9,
whose grafts were, according to both examinations,Bothell, WA, U.S.A. by radiologists and HP Image
normal, these were classified as true-negative resultsPoint, Andover, MA, U.S.A. by surgeons) were used
when the grafts were not occluded or no stenosis waswith 5 MHz and 7.5 MHz transducers as necessary.
detected during the following 3 months. OtherwiseThe patients were examined in a supine position. The
they were added to the number of false negatives forwhole graft, including anastomotic areas, the inflow
both examinations.artery and a few centimetres of outflow vessel were
serially scanned, searching for specific structural ab-
normalities or exceptional flow patterns in colour-flow
images. A pro forma diagram of the bypass anatomy
Resultswas included, on which the observer was asked to
fill in graft-flow velocity and blood-flow patterns at
A total of 67 patients were eligible for this study. Twomultiple sites in the course of the bypass. The same
patients had bilateral examinations, providing a totaldiagram also had questions regarding the patency of
of 69 vein bypass grafts for comparison. The bypassesthe graft, presence, localisation and degree of stenoses
utilised femoral, popliteal, or infrapopliteal arteries asor inquiring whether any other pathology in the bypass
inflow source on 53, 14, and 2 occasions, respectively.was present.
The outflow was to popliteal, crural, and pedal arteriesIn this report a graft was defined as abnormal in
in 14, 24 and 31 reconstructions, respectively. All exceptthe case of a local stenosis presenting as a velocity two grafts were routed subcutaneously for easier sur-
disturbance designated by a V2/V1 ratio greater than veillance and access, in line with the policy of our
2.0, where V2 is the peak systolic velocity (PSV) at the unit. A total of 44 (64%) bypasses were performed
site of the stenosis, and V1 is the PSV at a non-stenosed with the in situ technique, whereas 25 (36%) bypasses
point within 2 cm of the stenosed segment. If the V2/ were done with a non-anatomical position of the graft
V1 ratio was greater than 3.0, the velocity shift was utilising a vein either from the same limb or from the
defined as a high-degree stenosis. In addition, grafts other extremities. The examination took place a median
where no discrete stenosis was found, but either the 178 (29–911) days after the primary operation.
PSV remained under 45 cm/s throughout the course of There was an agreement that 43 grafts had normal
the graft or the end-diastolic velocity (EDV) exceeded duplex findings, one graft had mild stenosis, nine
25 cm/s, were classified as “at risk”. had high-degree stenosis, two grafts were defined
Each operator was blinded to the other’s findings. as otherwise abnormal, and that three grafts were
If one or both of the scans defined the graft as ab- occluded (Table 1). There was a disagreement on four
normal, the patient was referred promptly for an grafts regarding the presence or absence of a mild
angiogram. The angiograms were reviewed at a daily stenosis, four grafts regarding high-degree stenosis,
meeting between surgeons and radiologists. If neither and in three grafts regarding other abnormalities. This
of the scans revealed an abnormality, the patients were gave a j statistic of 0.69, indicating “good” agreement.
followed as a part of a normal surveillance programme In analysing the agreement between the examinations
with repeated duplex scans scheduled every 3 months, on whether the graft was defined as “at risk” and
and the occurrence of graft occlusion or other graft- whether angiography is needed, the examinations dis-
related problems was recorded. agreed for six grafts. This gives a j statistic of 0.82,
Assessment of the agreement for categorical data indicating “very good” agreement.
was made using the Kappa (j) statistic.13 This is a The mean differences and limits of agreement for
chance corrected proportion of agreement for cat- corresponding interobserver measurements of PSV
egorical data, where Kappa values of <0.20 represent values at different sites are detailed in Table 2. The
poor agreement, 0.21–0.40 fair agreement, 0.41–0.60 limits of agreement define the range of values that
moderate agreement, 0.61–0.80 good agreement, and will encompass the “true” value on 95% of occasions.
An example of the observers’ assessment of the lowest0.81–1 very good agreement. Assessment of agreement
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Table 1. Agreement between two examinations on vein graft pathology.
Duplex 1
Duplex 2 Normal Stenosis V2/V1 <3 Stenosis V2/V1 >3 Other pathology Occlusion Total
Normal 43 2 1 – – 46
Stenosis V2/V1 <3 2 1 2 – – 5
Stenosis V2/V1 >3 1 – 9 3 – 13
Other pathology – – – 2 – 2
Occlusion – – – – 3 3
Total 46 3 12 5 3 69
j=0.69.
Table 2. Mean PSV values, mean differences, and limits of agreement for interobserver measurements of
PSV values at different sites in the course of the bypass.
Duplex 1 Duplex 2 Mean difference Limits of agreement
Inflow artery 107.0 96.3 10.7 -65.8 to +87.2
Proximal anastomosis 99.4 95.6 3.7 -112.9 to +120.3
Graft 72.8 69.9 3.0 -39.0 to +45.0
Distal anastomosis 108.5 93.9 14.6 -103.2 to +132.4
Outflow artery 89.9 79.2 10.8 -95.4 to +116.9
Fig. 1. A Bland and Altmann plot for highest PSV in a vein graft
measured by two observers. Vertical line at 45 cm/s.
Fig. 2. Measured V2/V1 ratios of the detected stenoses with a linePSV value in the vein graft is illustrated in Fig. 1 as a
of equality.
Bland and Altmann plot. The assessment of the V2/
V1 ratio for the stenosis found by both examinations specificity, accuracy, positive-predictive value, and
is shown as a scatterplot in Figure 2. negative-predictive value for Duplex 1 were 80%, 91%,
A total of 23 (33.3%) grafts were referred to angio- 88%, 80% and 91%, whereas for Duplex 2 the figures
graphy, with the mean time from the outpatient visit were 85%, 93%, 91%, 85% and 93%, respectively. For
to angiography being 7.5 days (range 0–20 days). One a summary of accuracy parameters see Table 3.
pedal bypass was found to be occluded in angiography
1 day after the duplex scans, in which a very low PSV
(15–20 cm/s) in the graft was found by both scans
without a discrete stenosis. In five grafts, in which a Discussion
significant stenosis was suggested by one or both
duplex scans, the angiographic finding was normal. Although strong opinions have been expressed that
the current evidence is sufficient for the justificationIn all except one case the V2/V1 ratio was less than
3.0. Two grafts which were considered normal by both of screening programmes,15 neither small prospective
trials nor a meta-analysis of retrospective studies hasobservers occluded within 3 months. The sensitivity,
Eur J Vasc Endovasc Surg Vol 19, May 2000
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Table 3. Accuracy of duplex scanning versus that of the diagnostic experience were paired. The agreement for categorical
standard (angiography and follow-up data).
data was found to be “good” and the cases with a
Diagnostic standard high-degree stenosis were reliably found. In only two
of these grafts did the observers disagree, so that no
Duplex 1 Positive Negative Total
abnormality was found in the bypass. In one of those
Normal 4 42 46
two grafts the subsequent angiogram did not verifyGraft at risk 16 4 20
the presence of stenosis. The other case was verifiedTotal 20 46 66
as 70% stenosis next to the distal anastomosis in aDuplex 2 Positive Negative Total
patient whose distal graft was located in dense fibrousNormal 3 43 46
tissue under a free-flap muscle transfer anastomosedGraft at risk 17 3 20
more proximally to the graft. The agreement found inTotal 20 46 66
this study can be put into perspective by studies of
angiography’s interobserver variation. Sensier et al.19
been able to prove that graft surveillance programmes found a j value of 0.70 for interobserver agreement
actually do benefit the patients in terms of decreased in angiography for infrapopliteal arterial lesions. Their
rates of lower limb amputation, morbidity and costs.2–5 report assessed the variation between two independent
For this reason, the concept of vein-graft surveillance radiologists in distinguishing normal, stenosed, and
is at the present stage under scrutiny. This also puts occluded arteries from the same angiograms. Others
more pressure on the methods used for surveillance have also found that angiography is subject to diverse
to be as valid as possible. interpretations,20 which diminishes the historical value
In this light, it is somewhat surprising that there have of angiography as a highly objective test.
not been more research efforts which have focused on However, the results obtained from continuous vari-
methodological testing of the duplex scanning for ables reveal a greater variation. The limits of variation
screening of infrainguinal vein grafts. In principal, this for Doppler velocity measurements at different sites
could be accomplished in two different ways. Firstly, in the course of the graft are very wide. This could be
the accuracy of duplex can be tested when it is com- explained in the inflow- and outflow-arteries as wellpared to the “gold standard”. Validation against angio-
as in the graft itself, where the velocity can varygraphy has been done only by Buth et al. on 116
markedly from one point to another. In practice, it isgrafts.16 In their study, grafts that were apparently
difficult to standardise a study in such a way that bothnormal in the duplex scan underwent intravenous
observers make their measurements from exactly thedigital subtraction angiography (IV DSA), a method
same point. But the same phenomenon also occurredregarded as being of inferior quality to intra-arterial
in measuring velocities at the anastomotic sites. This,angiography. They found the sensitivity and specificity
too, is explainable when one considers the flow patternof duplex scanning to be 89% and 92%, respectively,
in the anastomotic areas, where flow velocity and flowin finding stenoses of a V2/V1 ratio >2.0. IV DSA
pattern change abruptly with relation to the anatomy.was also used as an arbiter between normal and
Moreover, the correct Doppler angle is more difficultpathological grafts in a study by Taylor et al. of 74
to determine. By how much the difference observedinfrainguinal vein grafts.17 Utilising the same criteria
relates to different duplex ultrasound machines usedas in the present study, the sensitivity and specificity
remains undetermined. A large variation could alsowere 100% and 98%, respectively. As implied by these
be seen in determination of the V2/V1 ratio of detectedstudies, the invasive counterpart of duplex scanning
stenoses. This relates to the fact that the higher the PSV,is not readily available for apparently normal grafts.
the more imprecise is its measurement. In addition, theThe second way of testing is as described in this
place where V1 is measured (“within 2 cm of thestudy. With suitable blinding, determination of the
stenosed segment”) is quite unsettled. It is not clearreproducibility of duplex scanning can be assessed.13
whether this variation in assessment of the degree ofTo our knowledge, this has not previously been re-
stenosis also has clinical relevance. It has been sug-ported.
gested that the V2/V1 criteria for intervention can beA potential cause of variation is technical, because
raised to 3.0.21 The critical issue is whether such amuch adjustment is required to obtain an optimal
high-degree stenosis can reliably be differentiated fromcolour image or a Doppler spectral waveform in the
a milder one.duplex scan. However, more variation is likely to be
In the present study, duplex scanning was also testedcaused by interpretation of the images.18 In order to
against angiography and/or clinical follow-up. Thistake into account both aspects in this study, different
duplex ultrasound machines and operators of varying combination can be regarded as a surrogate to objective
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